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CONNECTION BETWEEN PAHS AND SMALL HYDROCARBONS IN THE HORSEHEAD 

NEBULA PHOTO-DISSOCIATION REGION 
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Abstract 

We present recent observations of small hydrocarbons 
(C3H2, C2H, C4H) with high abundances in the Photo- 
Dissociation Region of the Horsehead nebula. Our re- 
sults show for the first time observational indications that 
the small hydrocarbon distribution follows the Aromatic 
Infrared Bands (AIBs) emission traced by IS0-LW2 (5- 
8.5 /im), whereas it does not coincide with the CO and 
isotopes large-scale distribution. The derived abundances 
are significantly higher than in local clouds. This en- 
hancement might be explained by an in situ formation 
assisted by the release of carbonaceous molecules from 
UV-irradiated aromatic particles. 
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1. Introduction 

The spatial distribution of the Aromatic Infrared Bands 
emission features (AIBs: 3.3, 6.2, 7.7, 8.6, 11.3 and 12.7 
/im features) has been mapped at high spatial resolu- 
tion by ISOCAM in many Photo-Dissociation Regions 
(PDRs). The identification of the AIBs carriers is still 
debated, however it is well established that they are com- 
plex carbon compounds heated transiently by the absorp- 
tion of a single UV or visible photon. The best candi- 
dates are Polycyclic Aromatic Hydrocarbons (PAHs: e.g. 
Leger & Puget 1984) or Hydrogenated Amorphous Car- 
bons (HACs: Duley & WiUiams 1988). These large-sized 
carbonaceous molecules (~ 50 carbon atoms) are likely 
to be chemically connected to the numerous small hy- 
drocarbon detected the ISM, including cyanopolyynes or 
acetylenic chains and rings. 

Various theoretical works and laboratory experiments 
support this point: modelling of dark cloud chemistry 
(Herbst 1991 ; McEwan et al. 1999), calculation of the 



acetylene formation rate by photo-erosion of UV irradi- 
ated PAHs (AUain et al. 1996), experiments of carbon 
chains production during the irradiation of HACs by a 
UV laser pulse (Scott et al. 1997). Nevertheless we still 
miss a firm observational link between AIB carriers and 
small hydrocarbons. PDRs are the best places to look for 
such a link as they exhibit strong AIB emission features 
which have been mapped at arcsec resolution by ISO in 
several objects. They are moreover highly structured re- 
gions where, due to the penetration depth of UV irradi- 
ation, the aromatic emission, the H2 ro-vibrational lines, 
and the molecular (CO) emission are spatially separated 
(see HoUenbach & Tielens 1997). 

2. Observations 

We have used the IRAM 30-m telescope to observe small 
carbon chains (C2H, C-C3H, ^CaH, C-C3H2, /-C3H2, and 
C4H) in the PDR of the Horsehead nebula. We obtained 
maps of 2.5' X 3.5' in three species. To our knowledge, 
these are the first maps of small hydrocarbons reported 
in photo-dissociation regions. In complement, we mapped 
with unprecedented spatial resolution the emission of the 
optically thick ^^CO, and the likely optically thin C^^O 
isotope. These molecular data were compared to the AIB 
emission mapped by ISOCAM in the 5.5-8.5 /im band 
(LW2 fiher, Abergel et al. 2002). The considered data 
are compiled in Fig. |^. 

Fig. |l] shows that the small carbon chains are present 
until the edge of the PDR. The maps reveal moreover 
that all three hydrocarbon integrated intensities peak 
very close to the IS0-LW2 one, which is not true for the 
CO and isotope emission. There is perfect correlation be- 
tween C2H and C-C3H2, indicating likely similar physical 
conditions. This behavior holds for C4H, but is still lim- 
ited by a poor S/N ratio. A shift towards the molecular 
cloud is however observed, suggesting beam dilution of 
larger-scale structures. Interferometric data obtained at 
IRAM PdBI (Pety et al., in preparation) are no more af- 
fected by this effect and show a perfect coincidence of the 
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Figure 1. Integrated maps (T\, Kkm/s) of the molecular emission for various species, as well as the aromatic 
emission as covered by ISO. 



hydrocarbon and aromatic emission peaks. At first sight, 
there seem to be a spatial correlation between aromatic 
particles and small hydrocarbons. 



3. Column densities 

We have computed the molecular column densities in the 
areas corresponding to the AIB and the CO peaks re- 
spectively. Tab. |l| gathers the results and shows that the 
hydrocarbon column densities are maximum at the aro- 
matic emission peak, which is not the case for C-'^^O. The 
values are of the same order as those observed in the 
TMC-1 dark cloud, known as an efficient hydrocarbon 
factory. However the illumination conditions (Go = 100) 
are different from the dark cloud ones and small hydrocar- 
bons are expected to be rapidly destroyed by the intense 
radiation fields. 



4. Discussion 

We have compared our measurements to PDR models 
using several chemistry networks (Fig. |^) and assuming 
representative conditions (Go = 100, nn = 2 x f 0^ cni^-^). 
We find the following results: 

— the models reproduce well the abundance ratios of 
[C3H2]/[C4H] and [Ci**0]/[C2H] (~ 1 and 20 resp.) 

— C3H2 and C4H are at least one order of magnitude 
more abundant than expected compared to C2H 

Part of the explanation possibly lies in the under- 
estimated H2 column density. Kramer et al. (1996) re- 
ported Ay — 3 inside the nebula (2' resolution), trans- 
lating into molecular column densities 10-100 times lower 
than observed. Recent continuum observations performed 
at 1.2 mm (11" resolution) suggest visible extinctions more 
likely in the range Ay = 10 — 20, which reconciles the 
observed C^^O and C2H results with the model calcu- 
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New Standard Model (Herbst et al.) UM1ST95 (Millar et al.) 
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Figure 2. Abundances of various species derived from an updated Le Bourlot et al. 's PDR model, using two chemistry 
networks (calculations courtesy of E. Roueff). 
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87.360 
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AIB peak 
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1-2x10" 
0.7-1.4x10" 


1-3x10" 
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C4H 


85.634 


AIB peak 
CO peak 


2x10" 
1.3x10" 


1.7-3x10" 


0.9-1.5x10^^ 






AIB peak 
CO peak 


4±0.2xl0" 
5±0.2xl0" 


5.4x10" 


2.7x10" 



Table 1. Molecular column densities measured in the PDR (use of LTE and LVG approximations), and inferred from 
models (Fig. ^ for two peak extinctions, in areas corresponding to the AIB and the CO emission peaks. Assumptions 
are: n(H2) = 10'* cm^^ , T^x ~ 10 K for all hydrocarbons, and Tkin ^ 35 K for C^^O. 



lations. Nevertheless, a residual over-abundance (factor 
~ 20) remains for the more complex hydrocarbons, sug- 
gesting that the hydrocarbon production is enhanced in 
the illuminated front. We propose that this forma- 
tion process is related to the photo-erosion of UV- 
irradiated large carbonaceous compounds at the 
border of the PDR. In this scenario, complex hydrocar- 
bons such as C4H would survive the intense illumination 
conditions encountered at the molecular cloud interfaces. 



This also suggests that heavier species (C4, C5) could be 
observed in UV-irradiated regions. 
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